The influence of general anaesthesia, and of operative surgery, on immune responsiveness was studied in blood obtained from 26 women undergoing laparoscopic sterilization (minor operation group) and in 14 women undergoing abdominal hysterectomy (major operation group). Since immunity depends ultimately on clonal expansion of lymphocytes, the growth potential of peripheral blood lymphocytes was studied in tissue culture by mitogen stimulation. There was no evidence of any change in either the number of responding cells (those that have left the resting Go-phase and responded to mitogen stimulation by entering the Gi-phase of the first cycle of growth) or in the rate at which cells grow in volume during the period of study. It was concluded that there was no evidence that anaesthesia, or surgery, impaired this aspect of the immune response in our patients, but the design of the experiments does not allow comment on other aspects of the immune response such as antigen presentation, immunoregulation and effector mechanisms, which are superimposed on the basic clonal expansion mechanisms studied in this investigation. Incidentally, we noted that the standard method for isolation of lymphocytes from peripheral blood frequently yielded highly contaminated preparations: if this fallacy was not appreciated, tests with contaminated lymphocytes could be misinterpreted as showing depression.
undergoing breast biopsy. Other workers have attributed the changes to general anaesthesia, since depressed lymphocyte responsiveness was observed after the induction of anaesthesia and before any trauma had been inflicted (Espanol, Todd and Soothill 1974; Slade et al., 1975) . It has been reported that in vitro administration of certain anaesthetic agents depresses the capacity of lymphocytes to grow in tissue culture (Formeister et al., 1980) , but the clinical implications of such reports must be interpreted with caution since the cells become susceptible to some agents only after exposure for one or more days (Cullen, Sample and Christian, 1972) .
The immune response is complex and it is not practicable to measure all its aspects in clinical investigations. However, selective expansion of appropriate clones to generate a large number of effector cells is the fundamental process in an immune response. Since this necessarily involves the repeated replication of the cells, most investigations on the effects of anaesthesia, and surgery, on the immune response have been concentrated on measurement of the growth potential of the patient's lymphocytes: this has usually been assessed in vitro by measurement of the rate of DNA synthesis after pulsed exposure to 'H-TdR by liquid scintillation counting. The technique is technically simple, but requires relatively lengthy culture periods (usually > 72 h) to achieve countable uptake without introducing distorting radiation damage. In addition the original cell population is substantially modified by prolif eration of the responding cells and unpredictable mortality (Wilson and Thomson, 1968; Farrant et al., 1980) . Consequently, there is no direct relationship between observed counts per minute and the numbers of responding cells or their individual growth rates. Moreover, since it is not practicable to examine microscopically the actual cells that are counted, the technique assumes that the majority of the inoculated cells are lymphocytes and that the cultures are healthy. There is recent evidence that these assumptions are not warranted in many clinical samples (Aiuti et al., 1975; Currie et al., 1978) . This paper describes the use of a recently developed alternative approach which permits quantification of the effects of various anaesthetic regimens, and of the trauma of operation, on the growth response of lymphocytes to mitogen stimulation.
PATIENTS AND METHODS
Patients. The study was approved by the local Ethics committee and informed consent was obtained from all patients. They were divided into two groups, a minor operation group and a major operation group.
The minor operation group consisted of 26 women, aged 23-35yr, undergoing laparoscopic sterilization under general anaesthesia. They were not premedicated. Anaesthesia was induced with pentazocine 30 mg and thiopentone (mean dose 430mg±83SD) i.v. and then maintained with nitrous oxide 61itremin~1 in oxygen 31itremin~'. Increments of thiopentone were given as required. Gallamine 141 mg + 6 was administered and the ventilation was controlled throughout. In 16 of the patients (randomly selected) 1% halothane was added to the inspired gas mixture throughout the procedure. All patients were maintained under general anaesthesia for 15 min before the start of surgery which usually lasted for a further 15 min. Reversal of neuromuscular blockade was achieved with atropine 1.2 mg and neostigmine 2.5mg. There were no problems during recovery from anaesthesia. Venous blood samples were taken immediately before induction, after 15 min of anaesthesia (before start of surgery), immediately after surgery and 3-5 h later.
The major operation group comprised 14 patients (aged 33-5Oyr) undergoing abdominal hysterectomy for menorrhagia. Following premedication with papaveretum 20 mg and hyoscine 0.4 mg anaesthesia was induced with thiopentone (mean dose 336mg±153SD). Gallamine 140mg±26 was administered and respiration controlled (67% nitrous oxide in oxygen). Increments of thiopentone and gallamine were given as required during the operation and reversal of neuromuscular blockade achieved with neostigmine and atropine. There were no problems during recovery. In eight of the patients, before inducing general anaesthesia, extradural analgesia was established using 0.5% bupivacaine 20 ml with adrenaline 1 in 200 000 which produced sensory block to at least the 6th thoracic segment. Venous blood samples were taken before induction of anaesthesia (in the extradural patients before establishment of the extradural analgesia), at the end of the operation, 3 -5 h following operation and the following morning.
Haematological examination. Venous blood was taken into sequestrene tubes. The white blood cells were counted using a Coulter (Model S) counter and the differential leucocyte count performed microscopically in Leishman-stained blood films.
Separation of lymphocytes and estimation of contami-
nation. Mononuclear cells were isolated from heparinized venous blood by density gradient centrifugation (Boyum, 1968) over Ficoll-Paque (Pharmacia Fine Chemicals, Uppsala, Sweden) and washed three times in our standard tissue culture medium, TC199 (Gibco-Biocult Ltd, Paisley, Scotland), buffered at pH 7.3 unit with Hepes and supplemented with L-glutamine 200 mol litre" 1 , penicillin 200i.u.ml~' and streptomycin lOOngml" 1 . The extent of contamination of this lymphocyte suspension with other cell types was measured by volume spectroscopy . More than 95% of cells in the final suspension were deemed viable by the trypan blue exclusion test.
Lymphocyte stimulation tests. The method used to study the lymphocyte response to mitogen stimulation has been described in detail previously . Briefly, the incubation mixture in each round-bottomed well of a microtitre plate (Sterilin Ltd, Teddington, England) contained: (a) 100 nlitre of lymphocyte-rich suspension (2 x 10 5 cells), (b) 50nlitre of mitogen dissolved in culture fluid and (c) 20 ^litre of autologous plasma. The plates were sealed with adhesive tape (Flow Laboratories Irvine, Scotland) and incubated at 37°C for 22-24 h. The mitogens (used at optimal concentrations) were PHA (Wellcome Reagents Ltd, Beckenham, England) at HA15/ml TC199 S-O^litre, Con A (Sigma, St. Louis, USA) lOOngml" 1 and PWM (Gibco-Biocult) 20nlitreml-1 . The exact duration of culture was noted at the time of harvesting when the cells were disaggregated and dispersed by repeated pasteur pipette mixing. The volume distribution of the control and stimulted cultures were measured with an electronic particle counter and a multichannel analyser (Fn and C1000, Coulter Electronics, Harpenden, England).
The volume distribution profiles were analysed by computer. For each experiment, the control profile was used to construct a series of theoretical volume profiles for a stimulated profile on the assumption that a proportion (P) of the cells responded to mitogen by increasing in volume and that the consequent G r phase growth of the responding cells can be approximated by a linear volume increase, a + b V, where Vis the current volume and a and b are constants representing the basal and incremental growth rates Gibbs et al., 1979) . A non-linear weighted least squares method (Gibbs et al., 1982 ) is used to calculate the values of P, a and b which give the closest fit to the observed profile of the stimulated cells. We have previously demonstrated that, for a given blood sample, the proportion (F) of cells entering the first Gi-phase measured by the method used in the current investigation was related linearly to the DNA synthesis rate in continuously replicating 3-day cultures ; results of recent experiments with flow cytofluorimetry (unpublished) indicate that an increase in cellular RNA content parallels the changes in cell volume in Gi-phase. There is heterogeneity between responding cells in the observed changes in volume, consequently we have chosen to report the mean values for the constants, a and b, that describe the volume growth.
Statistical methods. The findings at the various sampling times were subjected to a two-way analysis of variance with a number of methods appropriate to unbalanced cross classifications (Cox and Snell, 1974; Aitkin, 1978) ; calculations were made with the Generalised Linear Interactive Modelling Package produced by the Royal Statistical Society (Baker and Nelder, 1978) . was considerable individual variation in WBC, the general pattern of response was remarkably similar in all groups of patients, despite differences in anaesthetic regimen or in severity of operation. The inirinl 15-min period of anaesthesia did not induce any change and the increase at the end of operation was insignificant. However, the WBC was increased significantly 3 h after the end of operation (P< 0.001) and again the following morning. Examination of blood films showed that these changes had resulted from a PMN leucocytosis, the total lymphocyte count ( fig. 2) , Hb concentration and RBC remaining effectively unchanged in all groups of patients during the period of study.
RESULTS

Haematological studies. The changes in white blood
Cellular contamination of lymphocytes recovered from unstimulated 24 h cultures in microtitre plates.
The extent of contamination in the various samples is shown in table I and figure 3. This was infrequent and usually slight in the samples taken before anaesthesia was started and after the preliminary 15 min period of uncomplicated anaesthesia in both the minor and major operation groups of patients. No differences were seen between samples from patients receiving only nitrous oxide and oxygen or from those in whom halothane was added to the gas mixture.
In the minor operation group, the contamination was much heavier in the samples removed 3-5h following operation than in those removed at the completion of surgery in the group receiving halothane (P< 0.01) and significantly more heavily contaminated samples were obtained 3 -5 h after the operation (P< 0.03). There were insufficient data to make similar comparisons for the group of patients who did not receive halothane since the majority did not have a sample taken immediately after operation. A comparison of the extent of contamination in the samples obtained 3-5 h after surgery for those with and without halothane reveals a significant difference in the amount of contamination (P< 0.02) ( fig. 3 ), but the difference in the proportion showing heavy contamination failed to reach significance (P = 0.08).
The changes occurring following surgery in the major operation group were studied over a longer period. The 3-5h samples were more frequently and, commonly, more heavily contaminated than the corresponding samples from patients in the minor operation group (P< 0.05) (fig. 3) ; the samples removed the morning after operation were less frequently and less heavily contaminated than the~ 
Pre-S-phase cell cycle kinetics of mitogen-stimulated
lymphocytes. The mathematical model proved to be reliable when there was less than 15% contamination (Potts et al., 1981) . Our analysis of the results was, therefore, restricted to those samples with less contamination and it was clear that there were no consistent changes during the period of study ( fig. 4) , either in the whole group or in any particular subgroup. To ensure that no significant effects were missed by this selection of data, results for those samples showing <15% contamination were examined by two-way analysis of variance; contamination with other types of leucocyte (represented by cells recorded by volume spectroscopy as > 40 channels) and red cell debris (seen as increased profiles in channels 1-5) were considered as additional co-variates (table II) . The main conclusions are that there were no significant differences in the behaviour of lymphocytes from patients who had minor or major operations. Moreover, the presence or absence of either halothane or extradural analgesia did not influence the manner in which cells were recruited into growth after mitogen stimulation. 
-
The percentage of cells responding to particular mitogens showed significant differences between individual patients (P<0.01), but the time of removal of specimens did not have a significant effect with any of the three mitogens studied. The individual patients also differed significantly in their • incremental growth rates (table II) . Time of sampling appeared to have an influence on the calculated value for incremental growth rate for PHA (increased the morning after operation) and PWM (depressed immediately after operation and increased the following morning). However, the magnitude of the PWM change was not great and it is likely that this difference was spurious, since the samples obtained immediately following surgery were all taken from minor operation patients, whereas the samples obtained 1 day after operation were all from patients in the major operation group. The growth rates after Con A stimulation did not change in the study. It can be concluded that the number of cells responding to mitogen stimulation and their pre-S-phase cell cycle kinetics in the first day after mitogen stimulation were not changed in this study and that the anaesthetic regimens and operations we have studied did not depress the aspects of the immune response that we have studied.
DISCUSSION
This investigation had the limited objective of evaluating the short-term effect on mitogen-induced lymphocyte growth of several commonly-used and uncomplicated techniques of anaesthesia in patients undergoing fairly standardized minor or major gynaecological operations.
It was essential to measure the purity of the isolated lymphocyte suspension in view of the recent demonstration of spurious depression of lymphocyte stimulation tests in cancer patients (KluinNelemans and van Helden, 1980; Check et al., 1981) : since the numbers of cells inoculated to cultures is standardized and only the lymphocytes respond to mitogen stimulation, it is hardly surprising that low rates of DN A synthesis will be recorded even with healthy lymphocytes when there is heavy contamination with other types of leucocyte. We have measured the extent of contamination at the time of harvesting the cells since adherent cells (such as the monocytes of normal blood) which contribute to optimal growth conditions do not interfere with our subsequent analysis. We have shown previously that the method used to calculate growth gives a valid estimate when contamination is < 15% (Gibbs et al., 1982) . Contamination was most frequent in samples removed 3-5h after the operation and it was sometimes so severe that it could have been the basis of spurious depression of DNA synthesis measured by conventional liquid scintillation counting after pulsed 3 H-TdR labelling. Most of the published reports suggesting a depression of lymphocyte growth following operation are based on cells isolated from peripheral blood with methods generally similar to those we have used and few comment on measurement of cellular contamination or on attempts at depletion of phagocytic cells (the usual contaminants); consequently, those reports of depressed 3 H-TdR incorporation must, in retrospect, be interpreted with caution.
We cannot explain why contamination was so much more frequent 3 h after the minor operation in those receiving halothane than in those with the simple gas mixture.
Our studies on lymphocyte stimulation in anaesthetized patients have shown, as expected, significant variation in response between patients. There is, however, no biologically significant evidence that the anaesthetic regimens and surgical operations studied by us influence the early stages of lymphocyte response after mitogen stimulation. Since the lymphocyte response to mitogen stimulation appears to be a good model of the early cellular events in the immune response, we can conclude that the clinical procedures we have assessed are not deleterious to that aspect of the immune response (but the design of our experiments does not allow us to comment on other aspects of the immune response such as antigen presentation, immunoregulation and effector mechanisms which are superimposed on the basic clonal expansion mechanisms we have studied). It is not valid for us to extrapolate from our investigations to the influence of other anaesthetic agents (there is good evidence, from experiments on monkeys, of disparate immunosuppressive effects of anaesthetic agents not used in our study (Thomas et al., 1982) ), to surgical operations complicated with excessive blood loss or infection or to patients disadvantaged by their primary disease (MacLean et al., 1975; McLoughlin etal., 1979) . Nevertheless, it seems reasonable to conclude that the anaesthetic regimes we have studied and the metabolic and endocrine responses to trauma developed during the first day after operation do not interfere with the capacity of lymphocytes to grow on stimulation. Our results imply that the immune response will not be impaired during the actual operation, when tissues are exposed to the air (and consequently to the greatest risk of contamination with microorganisms); if the growth capacity of the lymphoid cells had been restrained the immune response would inevitably have been retarded or even suppressed and the occurrence of infection at the site of surgery would have been much greater than is usually observed. Se llevo a cabo un estudio de la influencia de la anotesia general y de la cirujia operatoria sobre la sensibUidad en la sangre obtenida con 26 mujeres sometidas a la esterilizaci6n laparoscopica (grupo de operacioncs menores) y con 14 mujeres sometidas a una histerectomia abdominal (grupo de operaciones mayores). Puesto que la inmnniHari depcndc por ultimo de la expansion clonal de los linfocitos, el potencial de crecimiento de los linfocitos de la sangre periferica fue objeto de un estudio en cultivo de tejido median te un estimulo mitogenico. No se encontro ninguna prueba de cualquier cambio ya sea en el numero de las celulas respondientes (las que han dejado la fase-Go de reposo y respondieron al estimulo mitogenico al entrar la fase-Gi del primer ciclo de crecimiento) ya sea en el ritmo al cual crecen las celulas en volumen durante el periodo del estudio. Se concluy6 de que no habia prueba de que la anestesia, o la cirujia, impidiera este aspecto de la respuesta de inmunidad de nuestros pacientes, pero el diseno de los experimentos no nos permite comentar sobre los demas aspectos de la reipuesta de inmunidad tales como la presentacidn antigenica, los mecanismos de inmunoregulacion y efectores que se superimponen a los mecanismos de expansion clonal basics estudiados en la presente inve»tigad6n. De paso, observamos que el metodo normal para aislar los linfdcitos de la sangre periferica daba lugar frecuentemente a preparaciones altamente contaminadas: si no se toma en cuenta esta apariencia enganosa, los ensayos hechos con linfocitos contaminados podrian interpretarse mal como demostrando una depreiion.
EFFET DE L'ANESTHESE ET DE LA CHIRURGIE SUR LA CINETIQUE DU CYCLE CELLULAIRE EN PHASE PRE-S DE LYMPHOCYTES STIMULES PAR DES MITOGENES CHEZ DES INDIVIDUS
